The presence of more than one human papillomavirus (HPV) genotype may influence the duration of prevalently detected infections. This analysis included 1,646 infections detected at enrollment in 980 women from the Guanacaste, Costa Rica, cohort who were actively followed up every 6-12 months for up to 8 years. We categorized HPV infections as single or multiple types. Persistence of infections was estimated using discrete-time survival analysis. The difference between the duration of single and that of concurrent multiple type-specific prevalent HPV infections was not significant (P 5 .9; log-rank test). Concurrent, prevalent detection of additional HPV types did not change the likelihood of viral persistence.
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Persistent cervical infection by oncogenic human papillomavirus (HPV) types is a necessary condition for cervical carcinogenesis [1] . Although most infections clear rapidly, persistent infection with 1 of 12 genetically related oncogenic HPV genotypes strongly increases the risk of precancerous lesions, cervical intraepithelial neoplasia (CIN) grade 3, which, if untreated, may invade. The likelihood of persistence (and ultimately progression) is not uniform among oncogenic types [2] [3] [4] , but the interplay of viral and host factors that causes some infections to clear and others to persist remains unknown.
Although one longitudinal study found that co-infection with at least 1 additional type during follow-up was associated with increased duration of incident oncogenic infections [5] , other large prospective studies have found no association between concurrency and persistence [6] [7] [8] . Several studies have found an association between the presence of multiple infections and CIN grade 2 or higher (CIN21) or CIN grade 3 or higher [9] [10] [11] . Because of the difficulties of attributing lesions to a particular HPV type [12] , however, it has not been demonstrated whether associations are due to simple additive risk or synergistic interaction between multiple infections. Thus, it is unclear at what stage of cervical carcinogenesis multiple HPV infections exert their effects on the risk of CIN21.
To examine the impact of multiple HPV types on viral persistence, which strongly predicts the development of CIN21, we studied the duration of prevalently-detected single and multitype infections among women in a population-based cohort study in Guanacaste, Costa Rica.
METHODS
During 1993-1994, a population-based cohort of 10,049 women >18 years old was assembled in Guanacaste, Costa Rica, to study the natural history of HPV infection and cervical neoplasia. Details regarding the study design, methods, and written informed consent have been described elsewhere [13] . The study protocol was reviewed and reapproved annually by the National Cancer Institute and a Costa Rican institutional review board.
We defined a risk-stratified subset of 2,655 sexually active women to investigate the origins of incident CIN21, as described elsewhere [2] . This subcohort was actively followed up and screened every 12 months for 5-7 years, except for women presenting with low-grade intraepithelial lesion or CIN grade 1 at any visit, who were shifted to a 6-month screening interval. For some women, data were available through 8 years of followup, so we included data from these visits in our analysis. At each visit, women were screened with conventional and liquid-based cytology, and samples were collected for HPV testing for .40 HPV types by means of a MY09/MY11 L1 degenerate-primer polymerase chain reaction-based method [9, 14] .
In the present analysis, we considered persistence of each HPV infection separately, and herein refer to an index infection (rather than a woman) as the unit of analysis. We restricted our sample to 1,731 prevalently detected HPV index infections in 1,013 women who were actively followed up. We further excluded 85 (4.9%) index infections with >2 subsequent, consecutive intervening negative results for that type due to uncertainty as to their meaning. The final analysis included 1,646 prevalently detected HPV infections among 980 women.
To standardize time among infections and account for delayed visits, each clinic visit was assigned to 1 of 16 time bins from enrollment through year 8 of follow-up (0, enrollment; 1, 0 to ,9 months; 2, 9 to ,15 months; and so on in 6-month intervals). If .1 visit occurred within a bin and the HPV results were discordant, the overall result was assumed to be positive to acknowledge the possibility of HPV measurement error (73 changes were made). Missing or negative HPV results flanked by positive results for the same type were recategorized as positive (n 5 160 infections). We assumed clearance occurred at the first negative result if no subsequent positive results were observed. Missing results between positive and negative results were resolved using the following algorithm (n 5 777 infections): if there were 1-3 missing bins, the first was imputed as positive while remaining bins were made negative; if there were 4-5 missing bins, the first 2 were imputed as positive while remaining bins were made negative; and so on. After imputing HPV results as described, we collapsed the duration of each infection into yearly intervals to minimize differences in duration that could arise from differing follow-up schedules (ie, 6 vs 12 months). The first interval (year 1) included HPV results from the first ,15 months of the study, and subsequent 12-month intervals began at 15 months (15 to ,27 months, etc).
We classified prevalent index infections as either single or multiple at enrollment. Among multiple infections, each concurrently detected type was analyzed as a separate index infection. Persistence of single and multiple infections was estimated using discrete-time survival analysis, with censoring of infections at clearance, diagnosis of CIN21, or loss to follow-up. We used the log-rank test to assess the significance of the difference of persistence between groups; in addition to log-rank P values, we also report the probability of 8-year viral persistence in each group. We repeated the analysis but restricted index infections to oncogenic types, detected as single infections or concurrently with any other HPV type. We stratified infections on the total number of types present at enrollment to assess trend in persistence. To examine potential effect modification by age, we stratified observations into quartiles according to the woman's age at enrollment (18-24, 25-31, 32-46, and >47 years old). Because there was evidence that prevalent infections are more likely to persist in older women than in younger women [15] , we excluded the oldest age quartile in a sensitivity analysis. We performed a separate sensitivity analysis to examine the impact of excluding HPV type 16 (HPV-16) infections. Although all infections present at the time of CIN21 diagnosis were censored thereafter from the study, we performed a sensitivity analysis in which we categorized these infections as positive through year 8 to capture the tendency of these lesionassociated infections to persist.
We estimated the hazard ratio for clearance of multiple versus single prevalent infections, after adjusting for confounders, with a discrete-time logistic regression (complementary log-log link), using generalized estimating equations (GEE) to obtain standard errors robust to an independence correlation structure.
RESULTS
The main analysis compared 574 single and 1,072 multiple prevalent infections (median, 3 types; range, 2-7 types; n 5 406 women) in 980 women total. In a multivariate analysis, women with multiple infections were more likely to (1) be followed up every 6 months versus every 12 months (34.7% vs 26.3%; P 5 .008); (2) be in the youngest age quartile (28.1% vs 15.5%; P , .001); and (3) have .1 sexual partner in their lifetime (69.2% vs 59.4%; P 5 .001). At the infection level, there were no differences between groups of single and multiple infections for (1) the prevalence of definite and possible oncogenic HPV genotypes (defined as 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, 73, and 82; 53.1% vs 51.3%, respectively; P 5 .5); (2) the prevalence of HPV-16 (8.9% vs 6.5%; P 5 .08); and (3) the risk of CIN21 (4.2% vs 3.3%; P 5 .3). Figure 1 displays the discrete-time survival curves for time to clearance of discrete HPV types from women with single or multiple prevalent infections. The probability of type-specific viral persistence was not statistically different between groups (P 5 .9; 8-year persistence for single infections, 9.5%; 8-year persistence for multiple infections, 8.9%). Restriction to oncogenic index infections did not impact findings (P 5 .9; 8-year persistence for single infections, 13.9%; 8-year persistence for multiple infections, 10.9%). The time to clearance was not significantly different whether 1, 2, or >3 types were concurrently detected (8-year persistence, 9.5%, 7.2%, and 10.7%, respectively; P 5 .5 for trend). Figure 2 displays discrete-time survival curves for single versus multiple infections stratified by age quartile. The probability of 8-year persistence was not statistically different between single and multiple infections in 18-24-year-olds (4.5% vs 1.0%; P . .999), 25-31-year-olds (4.7% vs 2.2%; P 5 .07), 32-46-year-olds (5.7% vs 5.5%; P 5 .9), or >47-year-olds (21.9% vs 24.2%; P 5 .6). After infections in women >47 years old were excluded, there was no significant difference in the likelihood of HPV infection persistence between single and multiple infections (P 5 .2; 8-year persistence, 5.0% vs 2.6%, respectively).
Excluding HPV-16 index infections from the analysis did not change results (P 5 .9; 8-year persistence for single infections, 8.1%; 8-year persistence for multiple infections, 7.7%). If index infections associated with CIN21 were assumed to persist through year 8, the probability of persistence was statistically the same between groups (P 5 .9; 8-year persistence for single infections, 11.9%; 8-year persistence for multiple infections, 11.1%).
The GEE model corroborated the lack of association between the presence of multiple HPV infections and clearance. The hazard ratio for clearance of multiple versus single prevalent infections was 1.02 (95% confidence interval, 0.91-1.15) after we adjusted for age quartile, age at first sexual contact, number of sexual partners in a woman's lifetime, 6-month versus 12-month follow-up, and carcinogenic versus noncarcinogenic HPV type.
DISCUSSION
We found no difference in duration between single and multiple prevalently detected HPV infections over 5-7 years of follow-up. There are limitations to the present analysis. Infections were followed up every 6-12 months, and we collapsed data into approximate yearly intervals to avoid a potential bias in time to clearance between comparison groups. Thus, our estimates of time to clearance are crude and unlikely to capture subtle differences in duration between single and multiple index infections. Furthermore, we imputed HPV results for missing visits according to the algorithms described above. This process may have further masked small differences in duration of infections between groups that are unlikely to be clinically significant.
Statistical power was limited because persistence was uncommon. We considered a large number of infections, but once we stratified by possible effect modifiers such as age, our power to detect small differences between survival curves was limited.
One study did not find any association between the presence of HPV-16 at enrollment and the persistence of other prevalent infections (with either oncogenic or low-risk HPV types) over an average follow-up time of 16.6 months [6] . A study of incident infections with longer follow-up time (median, 6.4 years) also did not find any association between co-infection or prior infection with any other HPV type and viral clearance [7] . Plummer et al [8] found that infections with oncogenic HPV types were no more or less likely to persist over a 6-month period given the presence of another HPV type within the same species or within the Hybrid Capture 2 (Qiagen) probe set. Our results contrast with findings by Trottier et al [5] , who found that the presence of additional HPV types during follow-up was associated with slightly longer mean duration of incident highrisk HPV infections than single HPV infections, even when HPV-16 was excluded. Disparate results may be attributable to shorter intervals between visits and greater power in the Trottier et al [5] study and to different definitions of co-infection. Alternatively, Trottier and colleagues defined multiple infections as those that were detected in co-infection with other types during follow-up [5] . By defining comparison groups based on the detection or absence of other types in the future, Trottier and colleagues do not consider the inherent dependence between persistence and acquisition of other infections-the longer an infection persists, the greater the likelihood of acquiring infections with other types-and are thus more likely to classify persistent infections as coinfections. Studies that define comparison groups based on detection at .1 point in time may be more likely to ascertain a difference in persistence between groups of single and multiple infections.
Viral persistence with oncogenic HPV is a critical step on the pathway to cervical cancer. Although studies have documented an increased risk of high-grade precancerous lesions among women with multiple infections [9] [10] [11] , results may be attributable to additive risk presented by individual oncogenic types, rather than synergistic interaction. In the present study, prevalent multitype HPV infections did not appear to impact each other's natural history. 
